Introduction {#sec1}
============

Ovarian cancer is the most deadly gynecological malignancy that mainly affects women in the period of childbearing age, perimenopause and postmenopause, accounting for 3% of newly diagnosed cancers among females in 2012 \[[@B1]\]. According to statistics, at least 75% of patients are diagnosed with advanced stage disease for the lack of early biomarkers for detection, effective chemoprevention, and asymptomatic characteristics \[[@B2],[@B3]\]. The current treatment program for ovarian cancer mainly includes aggressive surgical approach and numerous chemotherapeutic agents \[[@B4]\]. However, 5-year relative survival of ovarian cancer remains in an extremely poor rate approximately 50% \[[@B5]\]. Therefore, there is an urgent need of some epidemiological and biological predictors for ovarian cancer in early stage.

DNA damage is involved in cancer and aging, and DNA repair plays an important role in the prevention of DNA from many deleterious effects, such as ultraviolet (UV) light, chemotherapeutic agents, and radiation \[[@B6],[@B7]\]. Nucleotide excision repair (NER), the major mechanism in the process of DNA repair, was mainly implicated in the replacement of bulky, helix-distorting adducts with newly synthesized DNA segment \[[@B8],[@B9]\]. Several researches have demonstrated the association between single nucleotide polymorphisms (SNPs) in NER pathway genes on many cancers susceptibility \[[@B10]\]. Hence, genetic alteration of NER-related genes may be closely related to the occurrence and development of ovarian cancer.

In the NER multistep reaction, it was mainly divided into three stages: DNA lesion recognition, incision and excision of double-stranded DNA, and gap-filling with DNA synthesis \[[@B13],[@B14]\]. Xeroderma pigmentosum complementation group C (XPC)/human homolog B of Rad23 (HHR23B) complex is the initial recognizing protein responsible for the recruitment of relevant repair apparatus to the DNA lesion \[[@B15],[@B16]\]. Besides, xeroderma pigmentosum complementation group A (XPA) also shows its high affinity with damaged DNA \[[@B6]\]. Excision repair cross-complementation group 2 (ERCC2) protein serves as a helicase subunit of transcription factor II H (TFIIH), which is known for its role in local unwinding of damaged strand and transcription initiation of RNA polymerase II \[[@B17],[@B18]\]. During the period of double-strand breaks, the repair endonucleases excision repair cross-complementation group 1 (ERCC1)/excision repair cross-complementation group 4 (ERCC4) complex and xeroderma pigmentosum complementation group G (XPG) are responsible for cutting the damage-containing oligonucleotide \[[@B19],[@B20]\]. These core proteins involved in the NER reaction play crucial role in the inhibition of tumorigenesis. In the present study, we performed a hypothesis-based association to explore the impact of SNPs in these core genes (*XPA, XPC, XPG, ERCC1, ERCC2*, and *ERCC4*) on the risk of ovarian cancer by genotyping a pool of 17 SNPs in 89 patients and 356 controls.

Materials and methods {#sec2}
=====================

Patients and controls {#sec2-1}
---------------------

In the present case--control study, 89 ovarian cancer patients were enrolled by The Second Affiliated Hospital and Yuying Children's Hospital of Wenzhou Medical University (WMU) from February 2007 to February 2017. All cases with ovarian cancer histology were confirmed by two gynecologic pathologists. The control group of 356 cancer-free women was also recruited from The Second Affiliated Hospital and Yuying Children's Hospital of WMU in routine physical examination. All participants were frequency-matched to cases on age (±5 years) and race/ethnicity, and the people who had been diagnosed with malignant neoplasm or a family history of cancers were excluded in our research. All people included in the present research had signed a written informed consent. The research was approved by The Second Affiliated Hospital and Yuying Children's Hospital of WMU.

SNP selection and genotyping {#sec2-2}
----------------------------

The SNPs (Supplementary Table S1) of NER pathway genes were selected from the NCBI dbSNP database (<http://www.ncbi.nlm.nih.gov/projects/SNP>) according to the criteria described previously \[[@B12]\], and are potential function using SNPinfo online server (<http://snpinfo.niehs.nih.gov/snpfunc.htm>).

The TIANquick FFPE DNA Kit (Qiagen Inc., Valencia, CA) was applied to extract DNA genomic of all patients from paraffin-embedded tissue, while genomic DNA of the controls was extracted from the peripheral blood specimens using the TIANamp Blood DNA Kit (TianGen Biotech Co. Ltd.). A UV absorption spectrophotometer was used to detect DNA purity and concentration (Nano Drop Technologies Inc., Wilmington, DE).

Genotyping analysis was performed by real-time PCR with Taqman PCR master mix and ABI Prism 7900HT genetic detection system. In addition, approximately 5% samples were randomly selected as positive controls and negative controls for assessing the accuracy of genotyping results.

Statistical analysis {#sec2-3}
--------------------

The heterogeneity of the genotypes and ages between patients and controls was evaluated by Pearson's *χ*^2^ test. The association between SNP and ovarian cancer risk were assessed by a generalized linear regression model, calculated as crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs). Deviation from Hardy--Weinberg equilibrium (HWE) among the controls group was assessed by a Chi-square test. All statistical tests were carried out by SAS software (Version 9.4; SAS Institute, Cary, NC, U.S.A.), with a two-sided *P*-value \< 0.05 considering significant.

Results {#sec3}
=======

In the present study, we enrolled 89 ovarian cancer patients with an average age of 48.55 ± 11.66 months and 356 cancer-free controls with an average age of 45.37 ± 10.77 months. There was no significant difference between both groups (data not shown). The genotype frequencies of included SNPs among the controls conformed to HWE. As is shown in [Table 1](#T1){ref-type="table"}, our results demonstrated that *ERCC1* rs11615 was associated with a decreased risk of ovarian cancer with adjustment for age under dominant genetic model (adjusted OR = 0.35, 95% CI = 0.20--0.61, *P*=0.0002). Besides, compared with the carriers of *ERCC1* rs3212986 AC/CC genotype, the carriers of AA genotype had a significant association with the increased risk of ovarian cancer at an adjusted OR of 2.40 (95% CI = 1.30--4.44, *P*=0.005). Similar results were found in *XPC* gene, patients carrying rs2228001 CC/AC variant genotype had higher risk of ovarian cancer when compared with those carrying AA variant genotype (adjusted OR = 1.72, 95% CI = 1.02--2.92, *P*=0.043). Conversely, rs2228000 TT/CT had decreased ovarian cancer risk in comparison with the carriers of CC genotype (adjusted OR = 0.49, 95% CI = 0.30--0.81, *P*=0.005). Moreover, a significant association was found between the *ERCC2* rs238406 polymorphism and increased risk of ovarian cancer under dominant genetic model (adjusted OR = 2.07, 95% CI = 1.07--4.01, *P*=0.032).

###### Association between polymorphisms in nucleotide excision repair pathway genes and ovarian cancer risk

  Gene      SNP         Allele   Case (*N*=89)   Control (*N*=356)   Adjusted OR[^\*^](#T1TFN1){ref-type="table-fn"}   *P*[*^\*^*](#T1TFN1){ref-type="table-fn"}   Adjusted OR^†^   *P*^†^   HWE                                                                        
  --------- ----------- -------- --------------- ------------------- ------------------------------------------------- ------------------------------------------- ---------------- -------- ----- ----------------------- ------------ ----------------------- ------- -------
  *ERCC1*   rs2298881   C        A               39                  36                                                14                                          155              159      42    1.01 (0.61--1.66)       0.967        1.39 (0.69--2.81)       0.354   0.900
  *ERCC1*   rs3212986   C        A               32                  36                                                21                                          149              164      43    1.48 (0.88--2.48)       0.141        **2.40 (1.30--4.44)**   0.005   0.836
  *ERCC1*   rs11615     G        A               63                  21                                                5                                           180              147      29    **0.35 (0.20--0.61)**   **0.0002**   0.40 (0.12--1.36)       0.143   0.895
  *XPA*     rs1800975   T        C               22                  45                                                22                                          108              165      83    1.40 (0.79--2.47)       0.248        1.08 (0.61--1.92)       0.798   0.197
  *XPA*     rs3176752   G        T               65                  21                                                3                                           262              83       11    1.21 (0.71--2.08)       0.485        1.27 (0.34--4.69)       0.723   0.170
  *XPC*     rs2228001   A        C               30                  45                                                14                                          154              161      41    **1.72 (1.02--2.92)**   **0.043**    1.48 (0.74--2.93)       0.265   0.912
  *XPC*     rs2228000   C        T               46                  35                                                8                                           127              175      54    **0.49 (0.30--0.81)**   **0.005**    0.44 (0.18--1.08)       0.072   0.620
  *XPC*     rs2607775   C        G               84                  4                                                 1                                           326              29       1     0.62 (0.21--1.81)       0.377        5.59 (0.34--90.85)      0.227   0.679
  ERCC2     rs3810366   G        C               26                  43                                                20                                          106              166      84    0.94 (0.55--1.61)       0.824        0.90 (0.50--1.64)       0.735   0.228
  ERCC2     rs238406    G        T               13                  44                                                32                                          95               168      93    **2.07 (1.07--4.01)**   **0.032**    1.60 (0.95--2.71)       0.077   0.289
  ERCC2     rs13181     T        G               74                  15                                                0                                           296              59       1     0.81 (0.40--1.62)       0.547        /                       /       0.275
  ERCC4     rs2276466   C        G               53                  28                                                6                                           229              109      18    1.36 (0.82--2.27)       0.234        1.70 (0.65--4.48)       0.282   0.290
  *XPG*     rs2094258   C        T               37                  40                                                12                                          161              152      43    1.16 (0.70--1.91)       0.568        1.38 (0.69--2.78)       0.368   0.443
  *XPG*     rs751402    C        T               34                  42                                                13                                          138              167      51    0.94 (0.57--1.56)       0.811        1.17 (0.60--2.28)       0.651   0.967
  *XPG*     rs2296147   T        C               58                  25                                                6                                           224              122      10    0.89 (0.53--1.49)       0.658        2.18 (0.72--6.61)       0.168   0.167
  *XPG*     rs1047768   T        C               49                  35                                                5                                           178              149      29    0.73 (0.45--1.21)       0.220        0.61 (0.21--1.79)       0.365   0.779
  *XPG*     rs873601    G        A               20                  48                                                21                                          105              169      82    1.53 (0.85--2.75)       0.156        1.10 (0.62--1.95)       0.753   0.379

Abbreviations: CI, confidence interval; HWE, Hardy--Weinberg equilibrium; OR, odds ratio.

Adjusted for age for dominant model.

Adjusted for age for recessive model.

Discussion {#sec4}
==========

Ovarian cancer, one of the most common gynecological malignancies, is acknowledged as the fifth leading cause of cancer among female, accounting for 6% women deaths in 2011 \[[@B21]\]. Although a large number of investigations have tried to uncover the underlying pathogenesis of ovarian cancer, it is still difficult to make a breakthrough for the lack of tumor progression model \[[@B22]\]. Thus, we wanted to explore the potential biomarkers for diagnosing and predicting ovarian cancer from the angle of molecular epidemiology. Genomic integrity and stability depend on different DNA repair mechanisms, of which NER is the most flexible mechanism involving removal of various lesions, including UV-induced mutation, bulky base adducts, oxidative, and alkyl damage \[[@B23],[@B24]\]. It is well known that three rare syndromes including xeroderma pigmentosum, Cockayne syndrome (CS), and the photosensitive form of the brittle hair disorder trichothiodystrophy (TTD) were induced by the deficiency of some important proteins in NER pathway \[[@B25],[@B26]\]. Based on previous studies, genetic variants of the regulatory genes in NER pathway are probably related to genomic instability and even carcinogenesis.

Several investigations have evaluated the association between SNPs in NER pathway genes and prognostic of ovarian cancer \[[@B27]\]; however, a limited of research analyzed the association between the SNPs included in the present study and ovarian cancer susceptibility through retrospective case--control method. For example, Jo et al. \[[@B30]\] concluded that no association was found between *ERCC1* rs11615 and ovarian cancer risk in Korean women. Moreover, another study investigated the impact of two SNPs in *ERCC1* on ovarian cancer susceptibility in Chinese population, and also found that *ERCC1* rs3212986 and rs11615 polymorphisms did not show significant association with ovarian cancer risk \[[@B31]\] The study by Ma et al*.* \[[@B32]\] also concluded that there was no relationship between the *ERCC1* rs11615 and ovarian cancer. Instead, we found *ERCC1* rs11615 G\>A polymorphism was associated with significantly reduced risk for ovarian cancer.

In the present study, we performed this genetic association for ovarian cancer susceptibility by genotyping 17 SNPs of six NER pathway genes in 89 patients and 356 controls. As a result, we found that both variant genotypes of *XPC* rs2228001 A\>C and *ERCC2* rs238406 G\>T as well as *ERCC1* rs3212986 C\>A had a significant association with the increased risk of ovarian cancer under dominant and recessive genetic model respectively. On the contrary, *ERCC1* rs11615 G\>A and *XPC* rs2228000 C\>T polymorphisms were associated with significantly reduced risk for ovarian cancer under dominant model. To our knowledge, it is the first time to explore the association of all core genes in NER pathway with ovarian cancer.

Nonetheless, several inherent limitations of the present research still should be presented to discussion. First and obviously, the sample size in present case--control study was insufficient, which might contribute to selection bias and even decreased or increased-risk assessment. Second, many confounders influencing ovarian cancer susceptibility, such as gene--gene interaction, gene--environment interaction, and specific tumor pathologic classification, were not taken into consideration for the lack of individual information. Third, the objects in the present study were only limited in Eastern Chinese Han population, besides, other similar genetic investigations including ethnicity were not available for further integrating analysis and verifying our results. Fourth, only six genes with 17 SNPs involving in NER pathway were incorporated in this genetic association research, so other variants with potential diagnostic capability for ovarian cancer might be neglected in our research. Moreover, we were not able to measure the mRNA expression of *ERCC1, XPC*, and *ERCC2* to validate our finds because of the lack of clinic tissues.

In conclusion, our study indicated that the *ERCC1, XPC* and *ERCC2* might correlate to ovarian cancer susceptibility. However, more comprehensive studies with larger independent cohorts should be performed to unveil the real relationship between these significant genetic variations in the *ERCC1, XPC* and *ERCC2* and ovarian cancer risk.
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